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DISTORTION ON PERFORMANCE OF TURBOJET ENGINE

By E. William Conrad and Adam E, Sobolewskl

SUMMARY

An investigation was conducted in the RACA Lewis altltude
wind tunnel to determine the effect of nonuniform inlet-alr velo-
clties on the performance of a full-scale axlal-flow turbdjet
engine, Total-pressure vaeriastions as lerge as 103 pounds per
square foot 1n the radilal direction and S0 pounds per square foot
in the circumferentlal direction at 30,000-foot altitude were
cbtalned by the use of cobstructions in the englne-inlet ducting.
Data were obtained at altlbtudes from 20,000 to 50,000 feet at a
f£light Mach number of approximately 0.21 and corrected engine
gpeeds from 77.3 percent of rated speed to rated englne speed,

For some of the configuratlions and operatling condltions lnves-
tigated, the effect of distortions of the inlet-velocity pattern on
the internal aserodynamics of the engine resulted in slight Improve-~
ments in performance; at other operating conditionsg the performence
was slightly impaired, These effects are dlstinet from the perform-
ance logges asscclated with losses in ram-pressure recovery, With
the inlet-velocity dlstortions investigasted, the net thrust varled
between 0.95 and 1.03 of the net thrust with the uvniform inlet con-
figuration at the same operating conditions., Similarly, the ratlo
of specific-fuel-consumption values varled from 1.00 to 1.04, Im
general, compressor efflclencies were slightly reduced by the non-
uniform inlet-veloclty distributions. It may therefore be concluded
that performance changes due to the effects of nonuniform iInlet vel-
ocity on the internal aserodynamics of the engine investigated do not
appear 4o be gerions far the range of distortlons Investigated,

Throughout the investigation, englne-vibration mea.suremeﬁts

were carefully observed. Vibration readings were always well below
the limits specifled by the manufacturer.

RRpTRICTRS
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INTRODUCTICR

Flight Installations of turbojet engines vary greatly in the
mammer in which air is supplled to the engine. If an engins is
submerged iIn the fuselage or the wing, the airplane designer usually
must compromise the ducting design to avoid interference with the
pllot's compartment, structural members, or auxiliary equipment.
The degree of ccmpromise in the Internal aerodynamiocs of the air-
plane (inlet ducting and exhaust pipe) as compdred with the extermsl
aerodynamics or the location of auxiliary equipment should be hased
on a knowledge of the relative sacrifices incurred 1ln performance
and serviceability. Performance changes Incurred by compromising
the inlet-duct design may be attributed to losses in ram-pressure
recovery and to the effecta of ncnuniform alr veloclty at the com~
pressor inlet. The magnitude of performance losses resulting from
pocr ram-pressure recovery is given in reference 1., Deta are pre-~
gented hereln to show the effect of nonuniform engine-inlet alir
velocity on the over-all engine and component performance.

Data were obtalned on a full-scale axlal-flow turbojet engine
for a renge of flight conditlons and corrected engine speeds fram
77.3 percent of rated engine speed to rated engine speed. Six con-
figurations formed by changing the inlet-duct geometry amd instal-
ling obstructions iIn the inlet duct were used to obtain veloclity
gradients in both the radial and circumferentlal directions., Radial
total~pressure variations up to 103 pounds per square foot and olr-
cunferentisl varlations up to 90 pounds per square foot at an alti-
tude of 30,000 feet were obtained. The inlet-veloclty distribution
is shown for each configuration; the tendency of the diatortions to
persigt through the engine and the effects on performance are
digcussed.

APPARATUS AND PROCEDURE

Engines

Two engines of similar type were used for this investigatiom,
Principal componsnts of the englnes were an axial-~-flow multistage
compresgor, direct-flow combustors, and a single-stage turbine., The
first rotor stage of the compressor had e hub-to-tlp dlsmeter ratio
of 0.65, At gero-ram, sea-level conditions and rated engine speed,
the compressor Mach number was 0,894, A varlable-area exhaust nogzzle
was used to obtain a range of engine (and compressor) pressure ratios
at each englne speed and flight conditions.
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Installation

The englne was mounted on a wlng in the test section of the
altitnde wind tunnel. The six inlet configurations used in the
investigation are shown in flgure 1. Configurations A, B, and C
(fig. 1(a)) were used with the firat engine, and D, E, and F
(£ig. 1(b)) were used with the second engine. The first and sec-
ond englnes were of similar deslgn except that the accessory
housing in the. engine~inlet duct was longer for the second -
engine and the standard engine-Iinlet screen was not installed.

A bellmouth entrance sectlon used with configuration A
(fig. 2(a)) was installed to obtain the engine performance with
e uniform radiel and clrcumferential velocity profile at the engine
inlet, thereby providing a basis for comparison of the performance
with configurations B and C. Configuration B conformed to the
usual test insbtallation in the altlitnds wind tunnel with the engine
alr supplied to the engine by means of the make-up alr ram pipe.
Configuration B was modified to form configuration C by the instal-
lation of a series of l-inch spoillers in the ram pipe (fig. 2(b)).
Theas spollers were designed to increase the displacement thickness
of the boundary layer on the outside wall,

Data were necessary for configuratlon D, which was similar to
A, to serve as a standard of camparison for configurations E and F,
Ineamuch as the leck of engine-~to-engine reproducibility would not
permit a comparison of the performance of conflguraticns E and F
wlth that of A, whloh was investigated with the first emgine. To.
form configuration E, an annular fine-mesh screen 4 inches high was
installed around the spiponer 8 inches ahead of the instrumentatlion
at statlon 1 and 44 Inches ahead of the compressor-inlet gulde vanes,
Thls screen was deslgned to reduce the alr velooity near the spinmer.
The annular screen was removed and two screens in the form of 60°
segmente were installed across the annnius at the same axiasl loca~
tion to form configuration F. These obstructions were formed by
layers of screen so arranged that the solidlty wes greatest over the
center 30° of each segment. The resulting uneven clrcumferential
veloclity distribution was Intended to simmlate the distribution that
might ccour in flight installations that incorporate twin-inmiet ducts,

Instrumentatlion

Fixed Iinstrumentation for measuring pressures and temperatures
was installed at varicus stations in the engine (fig. 3). Detalls
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of the 1nstrumentation at the engine inlet and compressor inlet

and outlet are glven in figure 4.

Only the instrumentation per-

tinent to this investigatlion is given in detall, For all config-
urations except B, air flow was calculated from pressure and tem-
perature measurements at the engine inlet (station 1). ZEngine air
Plows for configuration E were determined by the engine perfcormance
characteristics according to the method described in the apperdix.

Sperry-M.I.T,. vibration pick-ups were mounted in both vertical
and horizontal plenes at the compressor outlet and turbine flanges.
A filter was used in the vibratlion meter to prevent a response at
vibrational frequencies below 60 cyoles per second.,

Simulated Flight Conditions

At each of the conditlons listed in the following table, com-
plete engine performance data were obtaslined at several englne pres-
sure ratios by varying the exhaust-nozzle arsa:

Altltude

Corrected engine | Config-
(£%) speed (percent uration
of rated speed)

20,000 77.3 E
25,000 100 A, C
25,000 91.3 A, B, C
25,000 78.5 A, B, C,
30,000 93,7 D, F
30,000 83.9 D, F
30,000 85.1 D, F
30,000 77.3 D, E, F
35,000 100 A, C
35,000 91.3 A, B, C
35,000 78.5 A, B, C
45,000 100 A, C
45,000 91.3 A, B
45,000 78.5 A, B
50,000 100 A, C
50,000 91.3 A, B, C,
50,000 78.5 A, B, C,

.
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Date were obteined a2t only two flight condltions with configwration E
due to a temporary limitation of tunnel facililties.

All data were bteken at & nominal ram-pressure ratio of 1,03,
which would correaspond to a P£light Maoh mumber of 0.21 1f no inlet
ducting losses occurred. The ram-pressure ratlo that was used in
obtaining the experimental date was seot by meana of a single total-
pressure probe at gtatlon 1 and 2 static-pressure probe in the tun-
nel test seoction. The actusl ram-pressurs ratio for all configura-
tions, as determined from the average of all the total-pressure
tubes at station 1, varied from 1.015 to 1.032; the effect of this
variation on the engine pumping characteristics, however, 1s negli-
glble, It is noted that insemuch as velocity distortions represent
ensrgy losses, & much higher flight Mach number is regquired to pro-
duce a given asverage total pressure at the engine Inliet when the
ducting is such that the engine-inlet veloclty 1s severely distorted.

Experimen‘ba.l' Procedurs

For configurations B and C, dry refrigerated air was supplied
to the engine inlet through a duct from the tunnel make-up air
system. The air flow through the duct (ram pipe) wes throttled from
approximately sea~level pressure to a totel pressure at the engine
inlet corresponding to the deglired flight condltions. Pressures
corresponiing to the desired Plight conditlons were a2lso obtalned at
the engine inlet with the other Pfour configurations; however, the
gir was taken directly from the tunnel through & bellmouth entrance.

When the desired engine speed, aliltude, and approximate ram-
presgure ratio were obtalned, au’scmtio-record.ing self-balancing
potenticmeters (flight record.ers) were started., A complete oycle
of the temperatures required took approximetely 1 minute. During
the flight recorder cycle, Ilnstantaneous readings of pressures and
of englne instruments were obtained by photographing banks of man-
cmeters and the engine instrument panel, AT the same time, the
engine fuel flow was obtained from calibrated rotameters.

Analysis Procedure

For given values of ambient preassure, englne-inlet pressure,
temperature ratio, and engine air flow, the complete perfarmance
of a turboJet engine can be d.etermined. from pumpling-characteristic
curves as explained in reference 2. A pumping-characterilstic curve
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at 30,000 feet for configuration D 1s shown in figure 5. Similar
curves for the other configurations were determined but are not
presented in this report. The coniparative performence of the var~
lous configurations was dstermined from these curves at common
values of engine total-temperature ratioc amd engine-inlet total
pressure (average value downstream of obatructions, station 1).

The engine tempefature ratios selected are as followa:

Corrected sngine Engine Configurations
speed (percent temperature compared
of rated speed) - ratio
Ts/Ty
100.0 3.38 A, C
93,7 2.80 D, F
91.3 3.15 A, B, C
89.9 2.80 D, F
85.1 2.80 D, F
78.5 2.78 A, B, C
77.3 2.60 D, E, F

With the exception of the value for the lowest engine speed, the
temperature ratiocs selected fall withln the band of values obtained
during previous performance Invegtigations of the same type engine
with fixed-area exhaust nozgles, The temperature ratio used for
the lowest engins speed was slightly high because the data were
insufficlent to permit a comparison at temperature ratics cor-
responding to fixed-area-nozzle operation. Symbols and methods of
calculation are gliven in the appendix,

RESULTS AND DISCUSSION

The pattern and the magnitude of the inlet flow distortions
investigated are given by typical plots of a veloolty-distribution
parameter, which 1s defined as the ratic of the locegl velcclty head
to the average velocity head for the entire flow area q7/qav. The
toendency of the flow irreguleritles to perslst or to disappear in
passing through the engine 1s discussed, and the effecta of the
distortions on the component and over-all engine performance are

given,
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Inlet-veloclty distribution. - The date of figure § are typ-
ical of the data for all configurations in that changes of engine
speed or altitude had no appreciable effect on the veloclty dis-
tribution patitern at the engine lnlet. The various inlet patterns
obtained are therefore characteristic only of the geometry of the
inlet ducting. The radial veloclty distributions characteristic of
configurations A to E are shown in figure 7. The radial patterns
for differsnt circumferential positions for configuration F were
gimilar to that of D but of different megnitudes. Bach data point
shown in figure 7 represents the average valus at a given radial
position ag obtalned from totel-pressure tubes at either three or
four circumferential positions (fig. 4). A study of the data
revealed that the average static pressure measured at the engine
inlet (used in computing g¢; aml 4quy) was sufficiently reliable

for all configurations except configuration E where the screen was
installed around the spinner. With configuration E, the severity of
the distortion and the proximity of the obstruction to the instru-
mentatlon apparently resulted in radiasl static-pressure gradients
too severe to be measured at station 1, with the result that the
quantitative vdlues of the curve may be somewhat in error. The
general shaepe of the curve, however, 1s believed to be correct.

The installation of the Pbellmouth entrance section with no
obstructions (configurations A and D, fig. 7) was intended to pro-
duce the uniform inlet veloclty normslly assumed In deslign calcu-
lations and was used as & bagls of comparison for the other con-
Tigurationsg, Over the extent covered by the instrumentation the
velocity parameter varled only 0,09 for configuration A and 0.35
for configuration D.

Boundary-layer buildup in the long ram pipe produced the
reduced veloclity near the outer wall characteristic of configu-~
ration B. This configuratlion 1s sgignificeant Inasmuch as it 1s
representative of the inlet-ailr duct gecmetry used for most
inveatigations in the Lewls altitude wind tummel., For configu-
ration C, the veloclty distribution paramster veried dy 0.59
across the annulus, and the slope of the veloclty parameter curve
was congiderably greater than for the other configurationa., The
corresponding veloclty at the outside of the ammulus was reduced
to approximetely 0.71 of the veloclty at the splnmer,

Inssmuch as the distortions obtalned with the first engline
were such thet the velocltles were higheat near the first-stage
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blade roots, data were desired during the second phbase of the inves-
tigetion with the high velocities near the blade tips. In order to
produce such a distribution, an annular soreen 4 Inches high was
Installed on the engine spinner to form configuration E, The result-
ing curve for configuration E (fig. 7) indicates that very low
voloocltles exlsted near the first-stage blade roots. Owing to the
uncertainty of the static pressurea, the magnitude of the distor-
tion cbtained is expressed in terms of the total pressures, which
varlied by 103 pounds per square foot acrosa the ennulus and corres-
pond to a varistion of 14,2 percent of the average total pressure
avallable at an altitude of 30,000 feet. A dashed line was used

to dencte the dilstribution near the outer wall becesuse the three
velues used in obtalning the average at 98 percent of the ammulus
width scattered considerably.

For the three configurations used with the first engime, the
veloclity-distribution parameter downatream of the engine-inlet screen
1s presented 1n figure 8. Values of the velocity-distribution para-
meter were reduced considerably (fig. 8(a)) at 24 and 92 percent of
the anmulus width, The total-pressure tubes located at these radii
were apparently In the wake of the circular elemsnts of the engine
gcreen, The veloclty-diastributlon parameter, as messured by all
tubes, is given in figure 8(a), and in figure 8(p) without the values
at 24 and 92 percent of the annulus width, The effect of the engine-
Inlet screen on the velocity dlstribution is indicated by a comparia
son of the data obtained upstream (fig. 7) and downstream (fig. 8(d))
which shows that the engine-inlet screen tends to reduce the distor-

tions slightly.

The radlal veloclity dlstribution at the compressor outlet for
the various configurations is given in figure 9(a) for the first
englne and in figure 9(b) for the second engine. The inlet distor-
tions produced by the ram pilpe with or without speollers did not
perasist through the compressor (fig. 9(a)). Data cbtained with the
gecond engine (fig. 9(b)) show that even the severe radial distor-
tion obtained with the inner ring (configuration E) did not persist
through the compressar. For both englnes, the random variationa in
distribution obtalined with the varlous inlet configurations were
much emaller than the varlations produced by the compressor.

Circumferential variations in the veloclty dlstribution at the
engine inlet at approximately 45 percent of the amnunlus width as
meagured from the root of anmlus are shown In figure 10. The dis-
tribution obtalned for oconfiguration A wes very unlficrm and the
slight variations obtained with configurations B and D are consldered
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insignificant In view of the much larger varietions in the radisl
direction. The dlstributions for configurations C and E are not
shown inasmuch as they were simlilar to those for B and D, respec-
tively. Two very marked reglons of low veloclty were cbteined by
installing the two screen segments In the bellmouth (configuration F).
The varistion in veloclty-distribution parameter of 0.78 for con-
figuration F (fig. 10) corresponds to a totel-pressure variation of
S0 pounds per sgquare foot. The Instrumentation at the compressor
outlet was not sufficlently extensive to determlné accurately the
circumferential pressure distribution, but an indication of the
tendency of these clrcumferential distortions to persist or dias-
appear in passing through the compresscr was obtaeined by a study

of the combustor temperature balance. This balance was indlcated

by thermocouples loceted on the center line of each combustor Just
downstream from the turbtine, A comparison of the burner balance
obtained at the same operating conditlions with and wlthout the screen
segments instelled indicates that the distorticons tend to disappear
in passing through the compressor, -

Compregsor characteristics, - Indasmuch as the disturbances in
the engine-inlet alr-flow pattern are not transmitted beyond the
compressor in e consistent mannmer and the resulting variations that
do occur at the compressor outlet are small compered with the change
produced by the compressor, the primary effects on over-all engine
performance are abttributable to changes 1n compressor performance.
Compressor-characteristic curves obtalned at an altitude of 25,000 feet
with the bellmouth and ram plpe (withk and without spollers) attached
to0 the Pirst englme are given in figure 11. Similar curves for con-
figurations used with the second engine at an altltwnde of 30,000 feet
are given.in flgure 12. The ailr flows are presented as ratios, based
on the air flow obtained at rated engine speed with a uniform inlet-~
alr-flow pattern.

As shown by the data of figure 1l and similar data for other
eltitudes, the alr flow was not appreciably affected by distortions
of the severity cbtalined with configurstions B and C., The only
effect appears at 78.5 percent of rated speed, where for a gilven
pressure ratio the air flow was slightly higher with the uniform
englne~intet velocity distribution over most of the range of
compressor-pressure ratloe investigated.

The data for the more severe dlstortions used with the second
engine show that, for a camon average value of total pressure down-
stream of the obstructlons, the air-flow ratio wes 0.0l to 0.04
higher for the configuretions having obstructione in the iInlet
(fig. 12). TIn view of this unexpected result ard alsc the uncertainty

r
A
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of static-pressure measurement gt stetion 1, alr-flow values fecr
configuration ¥ were checked and found to be correct by comparing
the combustion efficiencies with those cbtalned with configura-
tion D. This comparison constitutes a reliable check on sir~-flow
valuesa Inasmuch aa &ll other quentltles entering the combustion-
efficlency squation were substantlated by interplotting. It would
be expected that, for & common total pressure upstream of the
obstructions, equal or lower alr flows would be obtailned for oper-
ation with the obstructions installed. Alr-flow values were there-
fore calculated by use of the factors & and 6 for the same total
pregsure upstream of the obastructions; the resulting air flows were
slightly lower with the obstructions instslled.

The Increased flow wilth the obstructlons, based on & common
average value of total pressure downstream of the obstructions, may
be corroborated to some extent by the observation, based on date
from a previous investigation, that the s&lr flow increasses at a
slightly faster rate %han the total pressure at station 1. Accord-
ingly, the higher total pressure 1n the unobstructed areas of the
compresgor face would produce slightly more than a proporticnate
Increase in flow whereas the converse is true of the regions behind
the obstructions, with the net result a slight increase in air flow.
This effect, coupled with the experimental errcr of the measurements,
probably accounts for the variations in mass flow shown.

Compressor efficiencies, based on measurements at stations 1
and 3, are presented in figures 13 and 14 for the first and second
engines, respectively. For configurations A, B, and C, slightly
higher compressor efficisncies were cbtained for most operating
conditions with the uniform Inlet-velocity distribution; the total
veriation, however, was approximately the same magnitude as the
probable errcr of the measurements. Slightly higher efficiencles
were similarly obtained with the uniform velocity distribution at
the inlet of the second engine, The maximum decrease ln compressor
efficiency of 0.024 resmulted from the dlstortlion Imposed by config-
uration B at an altitude of 50,000 feet and 0.913 rated engine speed.
The lower level of compressor efficiencles obtalned with the first
engine is attributed largely to the pressure drop across the standerd
engline screen, which decreases the compressor-pressure ratio.

Over-all engine performance, - From the pumping-charscteristic
curvea, the net thrust and specific fuel consumption ¢of the engine
operating under the various conditions Imposed DY the inlet config-
urations were calculated for a common average total pressure down-
streem of the obstructicns at gtation 1. The englne performance

1389
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variastions reflect only the effects of the dlstortlions on the
internal aerodynamics of the engine and do not consider the effects
of losses 1n rampresaure assoclated with the various distortions.

By an enalyals of the Brayton cycle upon which the englne
operates, it can be shown that a decreasse in compressor efficlency
will result in a decrease In the englne-pressure ratlic for a given
engline-temperature ratio. Becsuse the thrust values presented are
based on fixed valuee of engine-temperature ratlo, a reduction in
compressor efficiency is reflected in reduced thrust as a result of
lower engine-pressure ratio {(equations (3) and (4) of appendix).

Thrust values shown In figures 15 and 17 are presented as
ratios; the thrusts obtained with the dlstorted air-flow patterns
are divided by the thrust obtained at the same cperating conditions
with a uniform distribution. At reted engine speed the thrusts
obtained with the bellmouth and with the rem pipe, with spoilers,
veried less than 2.0 percent, irrespective of altitude (fig. 15).
The maximum veriation with thruet was a decrease of 5.0 percent
with configuration C at 91.3 percent of rated speed and an altl-
tude of 50,000 feet. These thrust values follow the trend of com-
pregsor efficlencies shown in figure 13, Thrust values are belleved
t0 be accurate to approximetely ¥1 percent at rated englne speed for
the lower altitudes and 32 or 3 percent at the lower englne epeeds
and higher altitudes. At the lowest engine speed and an altituds of
50,000. feet, the pumping-characteristic curves could not be falred
with enough certainty, owing to data scatter, to permit comparison.

Net-thrust specific Pfuel consumptions (fig. 16) are alsc pre-~
sented as ratlos, based on the engine performance with a uniform
Inlet air-flow distribution., These curves reflect not only the var-
iatlons in net thrust shown In figure 15, dut also any minor changes
in combustion efficiency that result from the inlet air-flow dis-
tortions. The maximm variation in specific fuel consumpitlon was
4.0 percent at 91.3 percent of rated englne speed ard an altitude of
50,000 feet. A%t rated engine mpeed the maximm verilation in specific
fuel consumption was 2.5 percent and cccurred at an altitude of

35,000 feet.

The efPfects of the large radial dilstortlon obtained with the
inner ring obstruction (configuration E) end the circumferential
distortions obbained with the screen segments (configuration F)
on the thrust and specific fuel consumption of the second engine
are shown in figure 17. The thrust for configuration F wes 1 to 3
percent higher than for the uniform inlet distribution at the higher
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engine spesds and was sllghtly lower than for uniform distribution
at the lowest engine speed. For configuration E, the thrust was

2 percent higher than for configuration D, The thrust curves of
figure 17(a) reflect the changes in compressor efficiency and air
Plow,

. The decrease in campressor efflcilency coupled with slight
changes 1n combustion efficlency for configuration F resulted in
increases of from 1 to 3 percent In the net-thrust specific Ffuel
consumption (fig., 17(b)) as compared with the values obtained with
the uniform inlet-veloclity distribution.

Throughout the investigatlon, vibration readings obtained in
both vertical and horizcontal planes at the compressor-outlet flange
and the turbine flange were carefully cbserved. No noticeable
increase in vibration occurred with any of the configurations, and
all velues were well within the limits specified by the manufacturer,

SUMMARY OF RESULIS

An investigatlon was conducted over a wide range of altitudes
at a flxed flight Mach number in the NACA Lewis altitude wind
tunnel to determine thé effect of inlet-alr distortion on the per-
formance of & full-scale axial-flow turbojet engine,

For this investigation, radilal total-pressure variations of
1035 pounia per smgusre foot and clroumferential variations of 90 pounds
per square foot at an altitude of 30,000 feet and a nominal flight
.Mach number of 0.2l were obteilned.

For some of the configurations and operating oconditions inves-
tigated, the effect of dlstortions of the Inlet-velocity pattern
on the internal aerodynamics of the engline resulted In glight Improve-~ -
ments in performance; at other operating condltions the performance
was slightly impaired. These effects are distinct from the perfor-
mance logses assoclated with losmes in ram-pressure recovery. In
general, compressor efflciencies were reduced slightly by the non~
uniform inlet-velocity distributions., For the extreme distortions
of the inlet-veloclty pattern, the alr flows were slightly higher .
than for the uniform inlet configuration., With the inlet-veloclity
distortions investigated, the net thrust varied between 0.95 amd
1.03 of the net thrust with the mniform inlet configuration at the
same operating conditions. Similarly, the ratio of specific fuel
consumption values varied from 1.00 to 1.04., It may therefore be
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concluded that performence changes due tc the effects of non-
uniform inlet velocity on the internal serodynamilcs of the engine

investigated werse not serlious for the range of distortions inves-
tigated..

Lewls Flight Propulsion Laboratory,
National Advisory Committee for Aeromautics,
Cleveland, Ohio.
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APPENDIX - CALCULATIONS
Symbols
The following symbols are used herein:
ocross-sectional area, sq £t
net thrust, Ib
acoeleration due to gravity, 32.2 Pft/sec Z
total pressure, 1b/sq ft absolute
statlic pressure, 1b/sq ft absolute
velocity head, 1b/sq £t
gas constant, 53.3 £4-1b/(1b){°R)
totel temperature, CR
indicated temperature, CR
statlic temperature, ©R
velocity, ft/sec
air flow, 1b/sec
fuel flow, 1b/sec

ratio of specific heats

ratioc of abeolute total pressure at engine inlet to

NACA RM ES50Gll

absolute statlc pressure of NACA standard atmosphere

at sea level

adiabatic compressor efficlency

ratio of absolute totel temperature at engine inlet to
absolute static temperature of NACA stendard atmosphers

at sea level
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Subscripts:

0 free alr gtream .
1 engine Inlet

2 compressor inleft behind screen
3. compressor ocubled

4 turbine ocuilet

5 exhaust-nozzle inlet

av average

J Jot

1 local

Methods of Calculatlon

Thrust and alr flow. - The thrust of a turbojet engine is o
function of the alr flow, englne~-temperature ratio, and engine-
pressure ratio. Ailr Pflows foar configurations A, B,C, D, and ¥
were calculated from the pressure and temperature survey at the
engine inlet (station 1) by use of the following eguation:

71'1

27,8 By 71

(71'1)313]_ By

Wa = .A.lpl -1 (l)

The relation between statlic and indlicated temperatures 1s glven by

t = T1 (2)
x-1

1 + 0.85 (2)7-1
P

where the value of 0.85 is an experimentally determined thermo-
couple impact recovery fector,
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Ap previcusly mentiomed, the alr-flow values obialned from
measurements at station 1 were unreliable for configuration E due
epparently to a nomuniform static-pressure distribution, Inasmuch
ag distortions at the englne inlet do not appear to persist beyond
the compressor, the combustlon efficlency should be approximately
the same for all configurations at a given engine speed and pres-
sure level.- Also regardless of changes In the component efficilency,
the enthalpy rise of the alr through the compressor must equal the
enthalpy drop through the turdbine for any steady-state operating
condition., As a result, a plot of engine total-temperature rise
as a function of engine Puel-alr ratio should be about the same for
configuretions D and E., Such & plot was made with the data for
configuration D for which the air-flow measurements at -station 1
were satlisfactory. Using this plot in conjunction with the measured
values of temperature rise (T5-Tq) and fuel flow for configuration E,

the alr flow for configuration E was obteined.

The thrust of the englne can be expressed by the following
equatlions:

Fp = g_e (v':j - Vo) (3)

where the momentum of the fuel is ignored,

s
75
vy = |25 g, 1-(&) (4)
and
71"1
Vo= |27 grr; (1-(20) 71 (5)
7171 Py

Net thrust was obtained by the use of the ?umping charascteristic
curves in conjunotion with egquations (1), (3), (4), and (5).
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Coupressor efficlency. -~ The equation for adiabatic compresaor
efflclency 1s

-1

Py - .
I3

= -1
s

Compressor efflclencles at the same flight conditions and com-
presgsor Mach number were plotted as a function of compressor
pressure ratio; for the flrst englne there was no definite trend
in the small range of pressure ratlos investigated, but for the
second engine there was & definite trend. Therefore, for the
first engine the efficlency values presented represent the average
of the data points at variocus compreasor pressure retios cbitalned
by changing the exhauvst-nozzle area. Efficlencles for the second
engline were taken at compressor-pressure ratlios corresponding to
the value of engline~temperature ratic for a rated-area exhaust
nozzle, All individual efflciencles averaged were within $1.25
percent of the mean value. Compresacr effliclencles were checked
by & calculation that iIncluded the effects of the radisl mess-flow
distribution (and radial temperature gradients); the maximum
correction for these effects, however, was only C.7 percent.
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(2) Bollmouth entrence section installed on engins, Canfiguration A.
Figmre 2, - Dotalls of installation.
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(b) Spollers inetallsd in ram pipe, Configuration Q.

Fgure 2, ~ Concluded, Detalls of installation.
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Station Total=| Static- |Wall atatic~|Thermo—
pressure (pressure | pressure couples
tubes tubes oriflces
First engine, configurations A, B, and C
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2 24 0 4 0
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1 61 0 4 8
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4 30 0 ] 33
5 40 18 4 18
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Figure 3. — Locatlon of instrumentatlon surveys,
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Engina inlet, Gompresso:r inlet, Compregsor outlet,
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(b) Effect of engine speed. Altitude, 25,000 feet.

- Effect of altitude and engine speed on radial veloclty
distribution at engine inlet, Configuration B,
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Figure 7, = Radial veloclity distributions at engine inlet for configu-
rations A, B, C, D, and E,
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o A
O B Ram pipe No spoilers
<& € Ram pipe Spollers Installed

N =

1.0 o \\\
\
' \

b
o
o
5 e tg
£
£ N
g
g .6
o
] (a) A1l pressure tubes ilncluded.
§
e
)
~
L
v 1.2
+
w
ot
T
P —
o
g 1.0 Eﬁﬁ\-
~-l
)
>
.8
:..NACA;
B
Root O 20 40 60 80 100 Tip

Radlal position, percent annulus width
(b) Pressure tubes at 24 and 92 percent omitted.

Figure 8. - Radial velocity distribution at compressor inlet
of first englne,



32

Velocity-distribution parameter, qz/ﬁav

NACA RM E50GI |

Confilguration

A Bell mouth No obstruction

O
o B Ram plpe No spolilers
& C HRam pipe Spollers installgd

-8

o4

Root O

%
D

20 40 60 80 100 Tip
Percent of annulus width

(a) First engine, 91.3 percent of rated engine speed.'

Figure 9. — Veloeity distribution at compressor outlet.
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Confliguration

A D Bell mouth Xo obstructlon
v E Bell mouth Inner ring instaslled

2.0
b /\\
{? 1.6 / \
()
° / \
£
(] .
[ /% !
g 102 //
-]
[o N
o L
[«}
ot
3 /
ﬂ -8
|
-
n
«f
<
P
b 4
O .
% :#54545447
=]
l I
Root O 20 40 60 80 100 Tip

Percent of annulus width

(b) Second englne;

Figure 9, = Concluded.

773 percent of rated engine speed.

Veloclty distribution at compressor outlet,



34 ) NACA RM EB50GI |
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Configuration
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Pigure 11, — Effect of englne-inlet velocity distribution on
compressor characteristics of first engine.
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Configuration
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Figure 12, — Effect of engine—inlet velocity distribution on

compressor characteristics of second engine.
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Compressor efflciency, e
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Figure 13. - Effect of engine-inlet-alr velocity distribution on
compressor efficiency of first englne,
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Conflguration
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Figure 14. - Effect of engine-inlet~air veloclty distri-
bution on compressor effilclency of second engine.
Altitude, 30,000 feet,

ROCT



1369

NACA RM EBOGI |

Net thrust
Net thrust with configuration A

Configuration
o A Bell mouth No obstruction
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(b) Altitude, 35,000 feet.
1,05
a
.95 <
MR
.90 i
75 80 85 g0 95 100
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{(c) Altitude, 50,000 feet,

Figure 15, — Effect of engine—inlet-air veloclity distribution
on net thrust of first englne,
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Net thrust speclific fuel consumption
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Pigure 16, — Effect of en§ine—inlet—air veloclty dlstribution
on net thrust specifie
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Figure 17. — Effect of engine—inlet-alr veloclty distribution
on net thrust and specific fuel consumptlon of second engine,

Altituds, 30,000 feet.
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